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1 .  lntrocluction

‘1’ltc  prcsclice of circumstclla.r clisks  around ’11 ‘J’auri  stars (’1’’1’s) is stro]Igly
supported by narrow and broad-band spectroscopic evidence at lt]ar~y
wavcdcngt]ls  (cf. Sargent 1995). Spatially resolved obs[,rvatioris  c)f the asso-
ciated  vcloc.ity  field are necclcxl to establish whether or not the circurllstel]ar
material is centrifugally supported and available to planet  formation. ])ast
stuclies  reliccl  ori averagccl  prcmntations  of the data such as rotatio]l  curves
or l’osition-Velocity  diagrams ancl oftea led to ambiguous or conflict i]lg it)-
terprctations.  Sy]lthetic,  spectral line I naps generated 1 }y a kinclnatic  ]Iioclel
provide a more precise identification of the circumstcl]ar  velocity field,  as
illustrated by modeling of rotating disks arou]lcl the ‘J’’I’s  GM Aurigac (Ko-
erller et CLZ.,  ]993) a n d  tllc ‘1’-’auriri  multip]c systcm (JG ‘1’auri (Ilutrcy et
al,, 1994).  ‘J’o aclecluately  stucly you]lger stars, a radial velocity com])c)nent
must be acldccl  to SUCII a moclc]  ant] para.rnetrizccl  in a physically a]JlJrc)l)ri-
ate way.

2, Synthetic Spectral Line Maps

Synthetic ]naps of a clisk i]lcli]lccl  45° illustrate the expected contrast  for
Keplcria]l rotation and free fall in l~ig.  la ancl 1 b, rcsp(:ctively.  l’attcrl~s are
similar at velocities which cliffer  by a factor of W, v’ith infall Imt(crns  at
right an.glcs to their rotational counterparts. Since th(! principal diflercnce
Iics in the orientation of patterns with respect to the disk, the disk orirm-
tation  must be well iclcmtificcl  to distinguish bctwccn kinematic states. ‘Jo
potentially aid kinematic analysis of disk-like structu]  es wit}l  rotation and
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Figure  1. Synthetic Spectraf  Line Maps from a disk of gm wit}! velocity strut tures given
by: (a) Keplerian rotation, (b) free fafl, (c) combined disk/envelope, and (d) an inviscid
outer region. Maps are at velocities which correspond to the c crlter, inner slo}>e, peak,
and outer slope of one half of the corresponding clouble-peaked  spectral line.

infall,  synthetic maps from two hybrid models are dis])layed  in F’ig. 1 c and
Id.  Fig. IC illustrates a flat infall  envelope surroundin~,  a region of centrifu-
gal support; a pattern discontinuity occurs at the radius where the illfalling
gas meets a shock boundary of the accretion disk. In IJig. ICI, the velocity
field of the outer disk is that derived by Stabler et al., (1994) for an inviscid
disk formed during collapse of a uniformly rotating lnolecular cloud. ‘1’hc
radial momentum of infalling gas is largely conserved in the outer disk and
gradually decreases to zero with approach to a critical radius; no break
occurs in the corresponding patterns.
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3. Kinematic Evolution of ‘1’-’auriri  I)isks

‘J’hc II(WI to c.o]lsictcr  both radial ancl t,angc]lt,ial  vcl{)city  collI]ml]ctlts  in
kinelnatic.  analyses of ‘1’-’auriri  disks is rcinfolcccl t.)y dctcctioll  of a stroIIg
contribution from infalli!)g  gas to small-scale CO emission from 111, ‘1’auri
(Ilayashi  ci al., 1993; Sargent&Kocrncr,1995), althou{~h  rcTe*,t llSrJ’  obser-
vations indicate it is rxnbeddcd  (Stapclfeldt  et al., 199t)). lma~;cs c)f circulw
stel lar  gas a.rouncl  the ‘J1rJ’s ]W ‘J’au, 1)1, ‘J’au, 110 ‘J’au, and AS209 reveal
smaller  clisks  (It w 100 AIJ) which appear  to bc caltrifugally  su])])ortcd
(Koerllcr  &. Sargent, 1995) with some irlfall  around the youngest object
(Kocrner,  1994). g’he older ‘J’’l’s,  GM Aur, exhibits Keplerian rotation in
a so]llewhat  larger disk (Kocmcr  ci al., 1993). Cotlsidcration  of this slllall
sample suggests that young low-mass stars undergo the following stages
ill tile transition from an embedded to ‘l’-’J’au ri phase: 1. ‘Tlat  s]wctru]n”
sources are surrou  ndcd by large (1 000 AU) disks domi hated by a.rl in falling
vcloc.ity coIn~)onc IIt with an inner circular l{e~)leriau  rxgic)n. ‘J’hc outer  disk
is plausibly rcprcxented  by IFi.g. ld;  RC expands rapidlj  in the latcs(agcsof
illfall, since 2~ccrcti11g]  ]]atcrial arrives with progcssivri}’  grcat,era]lgular  lno-
mentum  (I{c m L3), but, this newly accretccl  Inaterial  is not llcccssarily  0]1
ci?cul(~~.l<e~)lcria]~  orbits. 11. Young ‘J’-’auriri  stars have s]naller (Iislis doln-
inated  by Kc])leriarl  rotatioll,  but  are still surrounded by a remnallt  ofdy  -
narnically accreting  gas. 111, l)ynamic  infall ceases altogether, but viscous
transport of angular momentum drives continued expausion  of the disk. Al-
though the stages suggested here are generally acceptt,  c] in sc,rne forlll, tllc
classification of late embedded c) bjects  and ‘J’!t’s  withirl this scheme lcmains
u]]certain  until detailrd  kinematic modeling of high-resolution observations
can be carried out for a larger sample,
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